Introduction
============

Craniopharyngiomas (CPs) are rare, histologically benign class of epithelial tumors arising from embryological remnants of squamous epithelium of the craniopharyngeal duct, which are commonly located in the sellar and suprasellar regions ([@b1-etm-0-0-6953],[@b2-etm-0-0-6953]). They account for 1.2--4.0% of all intracranial tumors ([@b3-etm-0-0-6953]). CPs are classified as grade I tumors by the World Health Organization (WHO) ([@b4-etm-0-0-6953]), and though considered histologically benign, they often present with a locally aggressive growth pattern. Furthermore, exceptional cases of malignant transformation have been reported ([@b5-etm-0-0-6953]). CPs pose numerous clinical challenges, most of which are neurological signs and symptoms, due to their intimate involvement and mass effect on adjacent structures, including the hypothalamus, pituitary gland and optic chiasm. The initial clinical manifestation at the time of diagnosis is often dominated by non-specific symptoms of elevated intracranial pressure, including headache and nausea. Further primary manifestations include visual impairment (i.e. visual acuity disorder and visual field defect; 62--84%) and endocrine deficiencies (52--87%) ([@b6-etm-0-0-6953]--[@b8-etm-0-0-6953]). At present, surgical resection followed by radiotherapy is the major treatment modality for CPs, although resection may contribute to a high risk of endocrine, neurological and hypothalamic post-operative complications due to the large lesion size, the location and its association with vital neurological structures ([@b2-etm-0-0-6953],[@b8-etm-0-0-6953]).

The estimated annual incidence of CPs is 0.5--2 per 100,000 individuals, and 30--50% of all cases occur during childhood and adolescence ([@b9-etm-0-0-6953]). CPs may be classified into two major histological subtypes according to the WHO classification of tumors of the central nervous system ([@b4-etm-0-0-6953]): Adamantinomatous CP (ACP) and papillary CP (PCP). However, transitional or mixed forms have also been described ([@b10-etm-0-0-6953]). These two subtypes are pathologically distinct and ACPs are more common than PCPs (ratio, 9:1) ([@b11-etm-0-0-6953]). ACPs occur in patients of all ages, with a bimodal age distribution; the first peak occurs in the age window of 5--14 years and the second peak at 50--74 years ([@b12-etm-0-0-6953]). Histopathological features of ACPs are the formation of wet keratin nodules, a palisading basal layer of cells, loose aggregates of stellate cells, as well as the presence of large areas of regressive changes, i.e., multinucleated foreign body giant cells, hemosiderin deposits, cholesterol crystals, inflammation and calcification. Wet keratin is a hallmark of this variant ([@b13-etm-0-0-6953]). ACPs contain mutations in exon 3 of the gene encoding β-catenin (CTNNB1) in 92% of cases, leading to the overactivation of the WNT/β-catenin signaling pathway, which has a crucial role in the tumorigenesis of ACP. However, the mutation of the β-catenin gene is not detectable in PCP ([@b14-etm-0-0-6953]).

By contrast, the papillary variant most frequent in adults aged 40--55 years ([@b12-etm-0-0-6953]). Histologically, PCPs are predominantly solid and are characterized by well-differentiated squamous epithelium with compact, monomorphic sheets covering fibrovascular cores with miniature capillaries and scattered immune cells, including macrophages and neutrophils. Areas with marked regressive changes, including cholesterol clefts, wet keratin, calcification and inflammation are absent. Ciliated epithelium and goblet cells are only occasionally observed, and the histological morphology resembles that of Rathke\'s cleft cysts with squamous metaplasia ([@b12-etm-0-0-6953],[@b14-etm-0-0-6953],[@b15-etm-0-0-6953]). Mutations in B-Raf proto-oncogene, serine/threonine kinase (BRAF)V600E have been described in 95% of ACPs, causing constitutive activation of the mitogen-activated protein kinase pathway, thereby affecting cell division and differentiation ([@b16-etm-0-0-6953]).

CTNNB1 and BRAF mutations are mutually exclusive and specific for each subtype, indicating that ACP and PCP are two biologically distinct entities. They display differences in clinical manifestation, imaging characterization, histopathological morphology and recurrence rate ([@b12-etm-0-0-6953],[@b17-etm-0-0-6953]). In the present study, 741 cases of CP were assessed and a retrospective analysis of neuroendocrine dysfunction in ACP and PCP patients prior to and after surgical removal of the mass was performed.

Materials and methods
=====================

### Patients

Patients with CP who underwent surgical resection at the Department of Neurosurgery of Beijing Tiantan Hospital affiliated to Capital Medical University (Beijing, China) between January 2011 and December 2016 were included in the present study. Subjects with an unknown pathological classification and those with a history of endocrine disorders, including primary hypothyroidism, adrenal insufficiency and hypogonadism, were excluded. The present retrospective study was performed in accordance with the declaration of Helsinki for research on humans and the protocol was approved by the Ethics Committee of Beijing Tiantan Hospital affiliated to Capital Medical University (Beijing, China).

### Scoring methods

According to their pathological classification ([@b4-etm-0-0-6953]), the patients were divided into the ACP group and PCP group. A self-designed scoring method was used to evaluate the neuroendocrine dysfunction in these two CP subtypes prior to and after surgery.

The tumor mass effect was assessed by the three major symptoms, namely intracranial pressure (headache and nausea), loss of visual acuity and visual field defects. Each symptom was assigned a score of 0 (negative) or 1 (positive). The total score for the tumor mass effect therefore ranged from 0 to 3.

Hypothalamic dysfunction was assessed based on the six manifestations, namely obesity and eating disorders, polydipsia and polyuria, sleep disorder, cognitive dysfunction and personality changes, imbalances in the regulation of body temperature and memory loss. Each manifestation was scored as 1 (positive) or 0 (negative). The total score for hypothalamic dysfunction ranged from 0 to 6.

The pituitary hormones, including thyroid-stimulating hormone (TSH), adrenocorticotropic hormone (ACTH), luteinizing hormone (LH)/follicle-stimulating hormone (FSH), prolactin (PRL) and growth hormone, as well as the corresponding target gland (thyroid, adrenal and gonadal) hormones, including total triiodothyronine, free triiodothyronine, total thyroxine, free thyroxine, cortisol, testosterone, progesterone and estradiol, were measured to evaluate the function of the pituitary-target gland axis. Pituitary-target gland axis dysfunction was scored as follows: Low levels of TSH, or ACTH and cortisol, or FSH and LH were scored as 1, while normal levels scored as 0 to evaluate pituitary-thyroid, pituitary-adrenal or pituitary-gonadal axis dysfunction, respectively. The total score for pituitary-target gland axis dysfunction ranged from 0 to 3.

In addition, the incidence of central diabetes insipidus was compared prior to and after the surgery within each group and between the two groups by measuring the 24-h urine volume and electrolytes.

### Statistical analysis

All statistical analyses were performed by using SPSS version 20.0 software (IBM Corp., Armonk, NY, USA). The collected data were presented as the median (interquartile range) or n (%). Outcomes were compared with the Wilcoxon rank-sum test for continuous variables and the chi-square test for categorical variables. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Age and sex distribution of ACP and PCP patients

A total of 741 patients with CPs were included in the present study, of which 622 had ACP and 119 PCP. In the ACP group, 333 patients (53.5%) were males and 289 (46.5%) were females. The median age of the patients was 14 years (interquartile range, 7--40 years). In the PCP group, 83 patients (69.7%) were males and the remaining 36 (30.3%) were females. The median age of the patients was 43 years (interquartile range, 29--51 years).

As presented in [Fig. 1](#f1-etm-0-0-6953){ref-type="fig"}, a bimodal age distribution was observed in ACP patients, with peaks at 1--15 years and 40--45 years. Most of the ACP cases were of pediatric age. The PCP subtype primarily occurred in adults aged 40--53 years. The difference in age between the ACP and PCP groups was statistically significant (P\<0.0001).

As presented in [Table I](#tI-etm-0-0-6953){ref-type="table"}, the male/female ratio in the ACP group was 1.15 and that in the PCP group was 2.31. Most of the CP patients were males. A significant difference in the sex ratio between the two CP subtypes was observed (P=0.001). In the ACP group, 52.7% of cases were aged 1--15 years, while this age group only accounted for 11.8% of PCP cases; significant differences in the percentages of the age groups (1--15 and \>15 years) were observed within and between the ACP and PCP groups (P\<0.0001).

### Comparison of neuroendocrine dysfunction of ACP and PCP patients

Prior to surgery, the patients with a score of 1--3 for the tumor mass effect accounted for 88.1% in the ACP group and 94.1% in the PCP group. The average score in the PCP group was significantly higher than that in the ACP group (P\<0.0001). After surgery, the patients with a score of 1--3 for the tumor mass effect accounted for 53.5% in the ACP group and 70.6% in the PCP group. The scores in the PCP group were significantly higher than those in the ACP group (P\<0.0001; [Table II](#tII-etm-0-0-6953){ref-type="table"}). After the surgery, the scores on the tumor mass effect in the ACP group (P\<0.0001) and the PCP group (P\<0.0001) were significantly decreased ([Table III](#tIII-etm-0-0-6953){ref-type="table"}).

The patients with a score of 1--6 on hypothalamic dysfunction accounted for 34.4% in the ACP group and 44.5% in the PCP group prior to surgery. Patients with PCP had significantly higher scores than patients with ACP (P=0.040). After the surgery, the patients with a score of 1--6 on hypothalamic dysfunction accounted for 43.1% in the ACP group and 63.9% in the PCP group. The hypothalamic dysfunction scores in patients with PCP were significantly higher than those in patients with ACP (P\<0.0001; [Table II](#tII-etm-0-0-6953){ref-type="table"}). After the surgery, the scores on hypothalamic dysfunction in ACP (P=0.004) and PCP patients (P=0.008) were significantly increased ([Table III](#tIII-etm-0-0-6953){ref-type="table"}).

The patients with a pituitary-target gland axis dysfunction score of 1--3 accounted for 55.8% in the ACP group and 73.1% in the PCP group prior to surgery. The PCP patients had significantly higher scores than the ACP patients (P\<0.0001). After the surgery, patients with a pituitary-target gland axis dysfunction score of 1--3 accounted for 91.3% in the ACP group and 98.3% in the PCP group. The scores in the PCP group were significantly higher than those in the ACP group (P\<0.0001; [Table II](#tII-etm-0-0-6953){ref-type="table"}). After the surgery, the scores on the pituitary-target gland axis dysfunction were significantly increased in the ACP (P\<0.0001) and PCP groups (P\<0.0001; [Table III](#tIII-etm-0-0-6953){ref-type="table"}).

Central diabetes insipidus occurred in 24.6% of cases with ACP and 34.5% of cases with PCP prior to surgery. After the surgery, 42.9% of ACP patients and 65.5% of PCP patients presented with central diabetes insipidus. Prior to and after the surgery, the prevalence of central diabetes insipidus in the PCP group was significantly higher than that in the ACP group (P=0.030 and P\<0.0001, respectively). After surgical removal of the mass, the incidence of central diabetes insipidus increased significantly from 24.6 to 42.9% in the ACP group (P\<0.0001), and from 34.5 to 65.5% in the PCP group (P\<0.0001).

Discussion
==========

CPs are non-neuroepithelial intracerebral neoplasms with a variable histological appearance. They frequently behave aggressively with invasion of the surrounding vital neurologic structures, including the optic nerve and hypothalamic-pituitary axes, consequently causing hypopituitarism and hypothalamic syndromes ([@b7-etm-0-0-6953]). Depending on patient age, location and size of the tumor, as well as extension to adjacent structures, the clinical presentation of CPs is variable. Accordingly, the management of CPs remains a challenge for neurosurgeons. At present, CPs may be treated and controlled but not cured, and studies have reported that recurrence rates after radical gross total resection of CP with hypothalamic involvement were similar to the progression rates after limited surgery, resulting in residual tumor ([@b18-etm-0-0-6953]). In addition, due to the inflammatory adhesions between the tumor and surrounding brain tissue, further damage may occur during surgery and/or radiotherapy. The surgical removal of the tumor tissue may cause irreversible damage to the hypothalamic-pituitary target gland axes, affecting the neuroendocrine function. Most patients require lifelong pituitary hormone replacement therapy. Visual impairment, hormonal disturbances of hypothalamus and pituitary glands, obesity, cognitive impairment and personality changes are common complications caused not only by the growth of the tumor but also frequently as a consequence of treatment with surgery and/or radiation therapy ([@b15-etm-0-0-6953]). Pre-operative demonstration of the extensive adherence of the large tumor to hypothalamic structures may be associated with a poor endocrinological outcome after surgical resection ([@b19-etm-0-0-6953]).

ACP and PCP subtypes are completely distinctive entities, which differ in their histological, genetic and clinical behavior. Esheba and Hassan ([@b20-etm-0-0-6953]) have demonstrated that β-catenin mutations and/or nuclear accumulation are diagnostic hallmarks of ACP and are helpful in the differential diagnosis between these two subtypes. The histopathological classification has clinical significance and prognostic value. Szeifert *et al* ([@b17-etm-0-0-6953]) have indicated that the pathological classification of CPs may influence the post-operative outcome, and the ACP subtype is associated with a high recurrence rate and poor prognosis. The aim of the present study was to compare the neuroendocrine dysfunction prior to and after surgical resection within and between the two histopathological types of CP.

The present study included 622 cases of ACP and 119 cases of PCP. CPs may be detected at any age. The age distribution of ACPs exhibited a bimodal distribution with peak incidence rates in children and adolescents aged 1--15 years and adults aged 40--45 years. Apart from a small proportion of pediatric cases, PCPs almost exclusively occur in adults aged 40--53 years. The difference in age between the ACP and PCP groups was statistically significant (P\<0.0001). The above results were consistent with those of a previously published study ([@b12-etm-0-0-6953]). ACPs are the most common form of non-neuroepithelial neoplasm in children, accounting for 5--10% of intracranial tumors in this population ([@b21-etm-0-0-6953]). An equal sex ratio has been reported in population-based studies from the United States ([@b22-etm-0-0-6953]) and Finland ([@b23-etm-0-0-6953]). However, in the present study, males were more commonly affected than females (P=0.001). An admission bias may have been present, as the current study was a single-center retrospective cohort study.

Neuroendocrinological evaluation was performed during the pre- and post-operative periods using a self-designed scoring method. The results of the present study indicated that the scores on the tumor mass effect, hypothalamic dysfunction and pituitary-target gland axis dysfunction, as well as the incidence of central diabetes insipidus in PCP were all significantly higher than those in ACP regardless of whether surgery had been performed (all P\<0.05). This indicated that the symptoms associated with neuroendocrine dysfunction were more severe among PCP patients with a greater degree of damage. The tumor mass effect scores in ACP and PCP patients were decreased after surgery (all P\<0.05). Clinical symptoms arising from the tumor mass effect were relieved. Visual impairment as an initial clinical symptom of CPs is reported in more than half of affected patients, and vision was reported to have improved post-operatively in 41--48% of patients with pre-operative visual impairment ([@b24-etm-0-0-6953]).

However, in the present study, the scores on the hypothalamic dysfunction and the pituitary-target gland axis dysfunction, as well as the incidence of central diabetes insipidus in ACP and PCP patients were all increased after surgical removal of the mass (all P\<0.05). The clinical symptoms of hypothalamic dysfunction and pituitary-target gland axis dysfunction were aggravated in these two subtypes. Most patients with CPs presented with multiple deficits of hypothalamic-pituitary function at the time of diagnosis. Surgical removal of the mass may further affect hypothalamic and pituitary function due to the proximity of the tumor to the hypothalamic-pituitary axes, aggravating hypothalamic dysfunction and endocrine disorders; in severe cases, the condition may be life-threatening ([@b24-etm-0-0-6953],[@b25-etm-0-0-6953]). Hypothalamic neuroendocrine dysfunction, including obesity, behavioral changes, disturbed circadian rhythm and sleep disorder, imbalances in the regulation of the body temperature, polydipsia and memory loss, was reported in 35% of CP patients at diagnosis ([@b1-etm-0-0-6953]). The rate of hypothalamic dysfunction markedly increases following radical surgery to up to 65--80% ([@b26-etm-0-0-6953]).

Pituitary hormone deficiencies are common in patients with CPs. Prior to surgery, 40--87% of patients have been reported to have at least one hormonal deficit, and post-surgical pituitary hormone deficiencies occur in up to 85--95% of patients. Central diabetes insipidus frequently occurs prior to (17--27% of cases) or after surgery (40--93% of cases) ([@b6-etm-0-0-6953]). Anti-diuretic hormone is synthesized in the supraoptic nucleus and the paraventricular nucleus of the hypothalamus, and is transported through the pituitary stalk and stored in the posterior pituitary gland. This hormone is released into the circulation in response to changes in plasma osmotic pressure, which regulates the amount of urine. Patients with ACP or PCP may have central diabetes insipidus due to the tumor compressing the pituitary stalk. The present study indicated that surgery may damage or even sever the pituitary stalk, which may aggravate central diabetes insipidus. This is also supported by the post-operative images displaying an abnormal structure or absence of the pituitary stalk (results not shown).

The present study compared the neuroendocrine dysfunction prior to and after surgical treatment between and within the ACP and PCP groups. Systematic evaluation of the functional status of hypothalamic-pituitary-target gland axes in different histological types of CPs after removal of the tumor *in situ* may contribute to the formulation of individualized target hormone replacement therapy protocols and neuroendocrine rehabilitation therapy. At the genetic level, the apparent mutual exclusivity of CTNNB1 and BRAFV600E mutations in the CP variants is a potential target for pharmaceutical therapy ([@b13-etm-0-0-6953]).

Of note, the present study has certain limitations. The present study included more male than female cases, while previous studies reported equal sex ratios. This may be caused by the high male sex ratio at birth during the past decades in China. Another possible reason is that due to the female discrimination in rural areas of China, females with severe diseases are less likely to be treated locally and referred to higher-level hospitals. In addition, due to the retrospective nature of the present study, bias may have been introduced in the results.

In conclusion, the PCP variant exhibited a greater damage to the neuroendocrine function compared with the ACP variant prior to and after surgery. Further study of neuroendocrine dysfunction in the two histologic subtypes of CPs with larger sample sizes is warranted to confirm and expand the results of the present study. Besides the removal of the mass effect, the treatment of patients with CP requires to focus on and monitor long-term changes in neuroendocrine function. To improve the quality of life of affected patients, functional reconstruction of the hypothalamic-pituitary-gonadal axis should be emphasized.
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###### 

Age and sex distribution of ACP and PCP patients.

  Parameter     ACP (n=622)   PCP (n=119)   P-value
  ------------- ------------- ------------- ----------
  Age (years)   14 (7--40)    43 (29--51)   \<0.0001
    1--15       328 (52.7)    14 (11.8)     \<0.0001
    \>15        294 (47.3)    105 (88.2)    
  Sex                                       
    M           333 (53.5)    83 (69.7)     0.001
    F           289 (46.5)    36 (30.3)     

Values are expressed as the median (interquartile range) or n (%). ACP, adamantinomatous craniopharyngioma; PCP, papillary craniopharyngioma; M, male; F, female.

###### 

Comparison of neuroendocrine dysfunction prior to and after the surgical removal of mass between the two groups.

                                       Prior to surgery   After surgery                                       
  ------------------------------------ ------------------ --------------- ---------- ------------ ----------- ----------
  Tumor mass effect                    1.74±0.99          2.11±0.93       \<0.0001   1.05±1.02    1.37±0.97   \<0.0001
    0                                  74 (11.9)          7 (5.9)                    289 (46.5)   35 (29.4)   
    1                                  182 (29.3)         24 (20.1)                  37 (5.9)     12 (10.1)   
    2                                  195 (31.4)         37 (31.1)                  275 (44.2)   65 (54.6)   
    3                                  171 (27.4)         51 (42.9)                  21 (3.4)     7 (5.9)     
  Hypothalamic dysfunction             0.47±0.79          0.62±0.87       0.040      0.60±0.92    0.88±0.97   \<0.0001
    0                                  408 (65.6)         66 (55.5)                  354 (56.9)   43 (36.1)   
    1                                  158 (25.4)         40 (33.6)                  213 (34.2)   61 (51.3)   
    2                                  41 (6.6)           7 (5.9)                    23 (3.7)     7 (5.9)     
    3                                  9 (1.4)            4 (3.4)                    18 (2.9)     3 (2.5)     
    4--6                               6 (1.0)            2 (1.6)                    14 (2.3)     5 (4.2)     
  Pituitary-target gland dysfunction   0.94±1.00          1.63±1.22       \<0.0001   1.94±0.95    2.54±0.77   \<0.0001
    0                                  275 (44.2)         32 (26.9)                  54 (8.7)     2 (1.7)     
    1                                  170 (27.3)         22 (18.5)                  135 (21.7)   14 (11.8)   
    2                                  118 (19.0)         23 (19.3)                  225 (36.2)   21 (17.6)   
    3                                  59 (9.5)           42 (35.3)                  208 (33.4)   82 (68.9)   
  Central diabetes insipidus           153 (24.6)         41 (34.5)       0.030      267 (42.9)   78 (65.5)   \<0.0001

Values are expressed as n (%). ACP, adamantinomatous craniopharyngioma; PCP, papillary craniopharyngioma.

###### 

Comparison of neuroendocrine dysfunction prior to and after the surgical removal of mass within each group.

                                       ACP group    PCP group                                       
  ------------------------------------ ------------ ------------ ---------- ----------- ----------- ----------
  Tumor mass effect                    1.74±0.99    1.05±1.02    \<0.0001   2.11±0.93   1.37±0.97   \<0.0001
    0                                  74 (11.9)    289 (46.5)              7 (5.9)     35 (29.4)   
    1                                  182 (29.3)   37 (5.9)                24 (20.1)   12 (10.1)   
    2                                  195 (31.4)   275 (44.2)              37 (31.1)   65 (54.6)   
    3                                  171 (27.4)   21 (3.4)                51 (42.9)   7 (5.9)     
  Hypothalamic dysfunction             0.47±0.79    1.60±0.92    0.004      0.62±0.87   0.88±0.98   0.008
    0                                  408 (65.6)   354 (56.9)              66 (55.5)   43 (36.1)   
    1                                  158 (25.4)   213 (34.2)              40 (33.6)   61 (51.3)   
    2                                  41 (6.6)     23 (3.7)                7 (5.9)     7 (5.9)     
    3                                  9 (1.4)      18 (2.9)                4 (3.4)     3 (2.5)     
    4--6                               6 (1.0)      14 (2.3)                2 (1.6)     5 (4.2)     
  Pituitary-target gland dysfunction   0.94±1.00    1.94±0.95    \<0.0001   1.63±1.22   2.54±0.77   \<0.0001
    0                                  275 (44.2)   54 (8.7)                32 (26.9)   2 (1.7)     
    1                                  170 (27.3)   135 (21.7)              22 (18.5)   14 (11.8)   
    2                                  118 (19.0)   225 (36.2)              23(19.3)    21 (17.6)   
    3                                  59 (9.5)     208 (33.4)              42 (35.3)   82 (68.9)   
  Central diabetes insipidus           153 (24.6)   267 (42.9)   \<0.0001   41 (34.5)   78 (65.5)   \<0.0001

Values are expressed as n (%). ACP, adamantinomatous craniopharyngioma; PCP, papillary craniopharyngioma.
